METHODS. A population-based incidence register of celiac disease in children covering the entire nation from 1998 to 2003 and part of the country back to 1973 was analyzed. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition diagnostic criteria for celiac disease were used. The annual incidence rate for each age group and the cumulative incidence according to age for each birth cohort were calculated.
RESULTS.
A considerable difference in cumulative incidences of celiac disease at comparable ages was demonstrated between birth cohorts from the epidemic and postepidemic periods. The difference persisted during the preschool years, although it decreased somewhat with age. During the last years of the follow-up period, there was again a successive increase in incidence rate among children Ͻ2 years of age.
CONCLUSIONS. The difference in celiac disease risk between birth cohorts at comparable ages suggests an opportunity for primary prevention. This highlights the importance of further exploring the role of infant feeding and exogenous factors besides dietary gluten that might initiate or prevent disease development. Moreover, on the basis of postepidemic incidence trends, we speculate that the Swedish epidemic might not have been as unique as thought previously, although its magnitude was striking. Pediatrics 2008;122:528-534 C ELIAC DISEASE (CD) is the most common food-related chronic disease in children. 1 The pathogenesis is multifactorial, with both genetic and environmental factors contributing, and the disease has autoimmune features. In subjects with CD, consumption of wheat gluten and related proteins in rye and barley causes a small-intestinal inflammatory condition with increased numbers of intraepithelial lymphocytes (IELs), crypt hyperplasia, and villous atrophy, which results in impaired nutrient absorption. The treatment of CD includes life-long exclusion of all foods containing wheat, rye, and barley. Adherence to a gluten-free diet results in relief of symptoms and restored mucosal morphologic features, but the condition may cause a variety of health problems if it is not treated. 2 In recent decades, the view on CD has changed from it being regarded as a rare childhood disease to it being considered a worldwide public health problem encompassing all age groups. Screening studies suggested that CD affects ϳ1% of most populations, [3] [4] [5] [6] [7] [8] but the majority of affected individuals are unaware of their disease.
Unique to Sweden, the incidence of CD in children Ͻ2 years of age showed an epidemic pattern during the period of 1984 -1996. 9 The incidence rates reached levels higher than ever reported for any population. At that time, CD was considered unavoidable when dietary gluten was given to genetically susceptible individuals. Therefore, both the abrupt fourfold increase and the subsequent rapid decrease in the relatively genetically stable Swedish population were unexpected. Most cases involved in the rapid increase in incidence demonstrated obvious symptoms suggesting CD; therefore, improved case ascertainment was not a sufficient explanation. 10 The subsequent rapid decrease in incidence occurred although awareness of CD and possible vague symptoms had increased considerably during the epidemic, among both health care personnel and the public.
The abrupt increase in the incidence rate of CD in the middle 1980s resulted in a decision by the Swedish Pediatric Association to support initiation of a CD epidemiological surveillance system. The CD register initiated was later used as the basis for an incident case reference study to explore factors underlying the epidemic. 11 The main finding in that study was the decreased CD risk for infants who were introduced to gluten in small to medium amounts while they were still being breastfed. By calculating the attributable population fraction for these exposures, we concluded that 45% of the cases could have been prevented with favorable infant feeding practices.
The start of the epidemic coincided with new national feeding recommendations for infants, postponing the introduction of gluten-containing foods from 4 to 6 months of age. The new recommendations suggested indirectly that a smaller proportion of children were being breastfed at the introduction of gluten into the diet (eg, 68% were breastfed at 4 months of age, compared with 48% at 6 months of age, among children born in 1986). 12 At the same time, there was a twofold increase in the average consumption of gluten from commercially available milk-cereal drinks by children Ͻ2 years of age. 9 This was mainly attributable to a decrease of milk and an increase of cereals in these products, with the purpose of decreasing the total amount of protein.
Milk-cereal drinks provided approximately one half of the total intake of cereal protein for infants during that time period. 13 To reduce the risk of CD at the population level, national recommendations on when and how to introduce gluten were changed again in 1996, which coincided with the rapid decrease in CD incidence. 9 The introduction of gluten-containing foods in gradually increasing amounts, preferably while the infant was still being breastfed, at 4 to 6 months of age was recommended. Contemporaneously, the gluten content of commercially available milk-cereal drinks was reduced, which implied a decrease in the average consumption of gluten by one third. 9 The Swedish epidemic indicates a multifactorial etiology of CD. Environmental factors besides infant feeding also have been suggested as possible risk factors for CD in children. Genetic predisposition and environmental exposures, as well as interactions between them, may together shape the immunologic response to gluten. 14 Repeated infectious episodes early in life have been suggested as a possible risk factor, although this has not yet been fully explored. [14] [15] [16] The present study is the first follow-up study of the Swedish CD epidemic, encompassing the postepidemic period. Trends in the occurrence of CD in childhood were analyzed to shed light on (1) whether birth cohorts of the epidemic period, compared with later cohorts, continue to carry an excess risk for CD after 2 years of age, possibly indicating an opportunity for primary prevention; (2) whether the incidence in children Ͻ2 years of age has stabilized on a lower level after the epidemic period; and (3) whether there is an ongoing shift toward older age at diagnosis.
METHODS

Identification of New Cases
In Sweden, there is a well-established practice of referring children with suspected CD to a pediatric clinic for a diagnostic small-intestinal biopsy. 17 In 2002, this practice was formulated in national guidelines for the diagnosis and treatment of childhood CD.
Since 1973, new clinically detected cases in Swedish children Ͻ15 years of age have been recorded in a register, 9 retrospectively from 1973 to 1990 and prospectively from 1991 onward, covering 15% and 40% of the population, respectively. Since 1998, the register has had nationwide coverage, including 47 pediatric clinics. For case identification, the diagnostic criteria for CD according to the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) 18 had to be met, that is, an initial biopsy showing structurally abnormal intestinal mucosa with a gluten-containing diet.
From 1973 to 1997, 2151 children fulfilled the inclusion criteria. 9 During the follow-up period from 1998 to 2003, when the register had reached complete nationwide coverage, 2922 children fulfilled the criteria and 295 were excluded (Fig 1) . Excluded children were distributed equally among reporting clinics. 
Population Data
Statistical Analyses
Children were grouped according to age, that is, 0 to 1.9 years, 2 to 4.9 years, or 5 to 14.9 years, enabling direct comparisons with the epidemic period, when most cases were diagnosed before 2 years of age. 9 The annual incidence rate for each age group was calculated by dividing the number of new cases by the number of person-years in the follow-up period, approximated by the mid-year population. The cumulative incidence for each birth cohort at a certain age was calculated by dividing the number of cases diagnosed up to that age by the total number of births in the cohort. Linear regression analysis was used to test for any difference in the increases in cumulative incidence according to age for different birth cohorts. Rate ratios (RRs) with 95% confidence intervals (CIs) were estimated to compare differences in incidence rates. Statistical significance was defined as a P value of Ͻ.05 and a RR with the 95% CI excluding 1.0. Excel Chicago, IL) were used for basic calculations.
Ethical Considerations
The prospective incidence register has been approved by the research ethics committees of all Swedish medical faculties.
RESULTS
Annual Incidence Rate
In the total childhood population (0 -15 years of age), the incidence rate was fairly stable at ϳ10 cases per 100 000 person-years between 1973 and 1984. In 1985, at the beginning of the epidemic, the rate started to increase; in 1994, at the peak of the epidemic, it reached 45 cases per 100 000 person-years. At the end of the epidemic, the incidence rate decreased. In 1997, when the epidemic had completely abated, the rate was 16 cases per 100 000 person-years. The rate started to increase again in subsequent years, and the rate reached 44 cases per 100 000 person-years in 2003, the last year of the present follow-up period.
For children Ͻ2 years of age, the incidence rate was quite stable from 1973 to 1984, with an average of 65 cases per 100 000 person-years (Fig 2) . 9 During the epidemic, the rate reached levels of ϳ200 cases per 100 000 person-years, with a maximum of 241 cases per 100 000 person-years in 1994. From 1997, the incidence rate was fairly stable at ϳ50 cases per 100 000 personyears. 9 In 2001, however, it started to increase again, and a few years later it had almost doubled to 98 cases per 100 000 person-years, an increase that was statistically significant (RR: 2.00; 95% CI: 1.55-2.57). Still, this incidence rate was far from that of the epidemic period.
For children 2 to 4.9 years of age, the incidence rate increased slowly from the middle 1970s to 1996, that is, from no case reported in 1973 to an incidence rate of 33 cases per 100 000 person-years in 1996 (Fig 2) . 9 This trend broke temporarily in 1997, when the rate decreased to less than one half, compared with the previous year. 9 However, the increase then continued during the following years, and the incidence rate almost tripled from 1998 to 2003, from 19 to 52 cases per 100 000 person-years.
In the oldest age group, 5 to 14.9 years, CD was rarely diagnosed in the 1970s (Fig 2) . 9 A slow increase in incidence rate was seen from the middle 1980s to the middle 1990s. Coinciding with the end of the epidemic among the youngest children, the increase accelerated. From 1998 to 2003, the incidence rate more than doubled, from 14 to 31 cases per 100 000 person-years.
Cumulative Incidence According to Age
The cumulative incidence at 2 years of age was almost 3 times higher during the epidemic, compared with the years before and after the epidemic (Fig 3) . For the birth cohorts from 1973 to 1995, the cumulative incidence according to age increased most rapidly up to 2 years of age. In contrast, the cohorts from 1996 to 2002, representing children born after the epidemic, had a gradual increase in cumulative incidence during the preschool years, with no sharp increase during the first 2 years of life.
In contrast to the cohorts born before the epidemic period, for which the cumulative incidence generally ceased to increase after 2 years of age, the cohorts born during and after the epidemic period had a gradual increase also after 2 years of age (Fig 3) . For the 1993 cohort, born during the peak of the epidemic, the incidence reached 4.4 cases per 1000 births at 2 years, 5.4 cases per 1000 births at 6 years, and 6.6 cases per 1000 births at 10 years of age. The incidence for the 1997 cohort, the first cohort born after the epidemic had completely abated, reached 1.3 cases per 1000 births at 2 years, increasing to 2.9 cases per 1000 births at 6 years of age, which at this point represents the longest possible follow-up period. The increase in cumulative incidence between 2 and 6 years of age was steeper in cohorts born after the epidemic period, compared with cohorts born during the epidemic period. In a comparison of the 1993 and 1997 cohorts, this difference was significant (P ϭ .008).
Age at Diagnosis and Gender Distribution
The median age at diagnosis of CD in Swedish children has increased since the early 1970s. Between 1973 and
Children excluded n = 295
Biopsy not conducted n = 49
Mucosa not possible to classify n = 29
Biopsy not yet classified n = 15
Normal IEL count, normal morphology n = 4
Increased IEL count, normal morphology n = 195
Missing date for initial biopsy n = 3
Children reported to the register n = 3217
Children included n = 2922
FIGURE 1
Overview of the inclusion procedure from 1998 to 2003 for children with the diagnosis of CD based on initial intestinal biopsy morphologic features, according to the ESPGHAN diagnostic criteria based on histopathological classification.
1994, the median age at diagnosis was 1.2 years (interquartile range: 1.0 -1.7 years); in 1997, it had increased to 3.7 years (interquartile range: 1.3-8.9 years). 9 The median age at diagnosis during the period from 1998 to 2003 was 5.8 years (interquartile range: 1.9 -9.8 years). Girls accounted for 62% of all cases between 1998 and 2003, which is in accordance with the gender distribution for the period from 1973 to 1997. 19 
Methodologic Issues
The potential effects on incidence rates of different population coverages and diagnostic criteria were evaluated. In a comparison of incidence rates based on 40% population coverage (ie, the catchment area in 1991-1997) and 100% coverage (for each year from 1998 to 2003), there was no significant difference for the age groups of 0 to 1.9 years and 2 to 4.9 years; for the 5-to 14.9-year age group, there was a difference only in 1999 (RR: 1.29; 95% CI: 1.02-1.63). In addition, there was no significant difference in incidence rates when case ascertainment was based on the ESPGHAN criteria for diagnosis 18 or adapted criteria sometimes used in clinical practice today (ie, also including the 195 children with increased numbers of IELs but normal mucosa morphologic features with a gluten-containing diet).
DISCUSSION
There was a considerable difference in cumulative incidences at comparable ages between birth cohorts of the epidemic and postepidemic periods, which suggests an opportunity for primary prevention of CD. The difference was still striking at 6 years of age, although it decreased somewhat with age. Therefore, not all cases were permanently prevented, and the onset or diagnosis of CD was merely delayed for some individuals. Interestingly, a significant successive increase in incidence rates among children Ͻ2 years of age was once again revealed during the last years of follow-up monitoring, which might be a sign of a new epidemic approaching.
A strength of this study is that is it unique in basing an epidemiological study on a prospective register with nationwide coverage. However, the present study shows that nationwide coverage is not required for estimation of the incidence of CD in a homogeneous population such as that in Sweden. A prospective national register allows more-detailed analyses of variations in disease occurrence according to time, place, and person and serves as an excellent basis for in-depth studies.
Another strength of this study is that case ascertainment was based on the ESPGHAN criteria for diagnosis, 18 including an initial small-intestinal biopsy showing structurally abnormal mucosa with a gluten-containing diet and not relying only on elevated levels of serologic markers indicating the disease. The CD diagnosis now is sometimes considered verified also in cases with increased numbers of IELs but normal mucosa morphologic features with serologic marker levels indicating the disease, although this is not universally accepted. However, inclusion of the children with increased numbers of IELs but normal mucosa morphologic features did not change the results significantly.
No policy for general CD screening of the population has yet been adopted in Sweden; consequently, the majority of the CD cases were clinically detected. In addition to liberal serologic testing of clinically suspected CD cases, the national guidelines regarding childhood CD emphasize the increased susceptibility in high-risk populations such as siblings of patients and children with type 1 diabetes mellitus or Down syndrome. However, CD screening of these high-risk children is not yet an established clinical practice. Also, such screening, when performed, is likely to be conducted at Ͼ2 years of age and does not explain the variation in incidence over time for the youngest children.
The decreased difference in cumulative incidences at comparable ages between the cohorts born during and after the epidemic could indicate that, with time, the cumulative incidence in the cohorts born after the epidemic might reach the same level as that in the epidemic cohorts. If so, then a favorable exposure with regard to infant feeding 11 might only delay the diagnosis because of milder symptoms and/or individuals at risk might contract the disease at older ages. This would support the view that, given genetic susceptibility, CD cannot be avoided in individuals exposed to gluten. A recent Italian study showed a pairwise concordance rate of 71% in monozygotic twins, 20 which supports the strong genetic influence, although monozygotic twins commonly also share environmental exposures. Moreover, ϳ25% to ϳ30% of the population carries genes encoding HLA-DQ2 or HLA-DQ8 molecules, the most important known predisposing genetic factor for CD, 21, 22 and most individuals never develop CD. Furthermore, both innate and adaptive immunity seems to be involved in disease development. 23, 24 Therefore, genetic susceptibility is necessary but most likely not sufficient for CD development. 25 Indeed, the difference in CD risk between birth cohorts at comparable ages persisted during the preschool years. A recent screening study in preschool-aged children in Sweden indicated a lower prevalence of screening-detected CD after the national change in infant feeding recommendations in 1996, 26 which supports the potential role of environmental exposure in primary prevention of CD. However, the option of primary prevention and the potential impact of environmental factors need to be explored further. 14 The annual incidence rate in the total childhood population reached the same level at the end of the follow-up period as during the epidemic years but with a shift toward older age at diagnosis. This shift was partly explained by the fact that children carrying excess risk for CD, that is, children originating from the cohorts born during the epidemic period, had grown older at the time of follow-up monitoring. Increased awareness of the disease, resulting in the diagnosis of CD in cases that would previously have been undiagnosed because of the milder clinical symptoms typical for older children, also might have contributed. Less-obvious symptoms at diagnosis also have been implicated for younger children, 27 which might account for delayed diagnosis among the youngest children and thus might contribute to the shift toward older age at diagnosis.
Only longer follow-up monitoring will reveal whether the increase in incidence rates in children Ͻ2 years of age seen between 2000 and 2003 is an ongoing trend. Only one half of the epidemic was explained by changes in infant feeding. 11 Consequently, other, stillunknown, environmental exposures contributed to the change in disease occurrence. Infections have been suggested as a possible risk factor, at least for initiation of CD in young children. 14, 15 We recently discovered with scanning electron microscopy that rod-shaped bacteria were associated with the small-intestinal mucosa of patients with both active and inactive disease but not control subjects. 24 Furthermore, one recent prospective study of genetically susceptible children suggested that frequent rotavirus infections increased the risk of CD autoimmunity. 16 Therefore, it is possible that the epidemic was caused in part by changes in the infectious panorama or an interaction of infant feeding and infections. 14 In addition to the Swedish epidemic in young children, it is noteworthy that fluctuations in CD frequency over time have been reported for other European countries. [28] [29] [30] [31] The magnitude of the Swedish epidemic was striking, however, compared with the other fluctuations. Now Sweden might be facing a new epidemic of CD, inasmuch as the incidence rate for the youngest age group increased during the last years studied. If so, then the epidemic or the "Swedish case" was not as unique as we assumed previously.
CONCLUSIONS
The difference in CD risk between birth cohorts at comparable ages suggests an opportunity for primary prevention. This highlights the importance of further exploring the role of infant feeding and other exogenous factors, besides dietary gluten, that might initiate or prevent disease development. Moreover, on the basis of postepidemic incidence trends, we speculate that the Swedish epidemic might not have been as unique as previously thought, although its magnitude was striking.
NOW PROFESSORS GET THEIR STAR RANKINGS, TOO
"First came the Amazon book rankings, and word leaked out that perhaps some vaunted writers spent more time than you would think checking how popular they were, hour by hour. Then newspapers started tracking the most popular articles on their sites and journalists, it was said, spent more time than you would think watching their rankings, hour by hour. But would you believe that academics could become caught up in such petty, vain competition? Of course, you say. Still, short of hanging out in stacks in the library and peeking over their shoulders, the pursuit of that particular vanity had to wait for the Internet, and the creation of the Social Science Research Network, an increasingly influential site that now offers nearly 150 000 full-text documents for downloading. The network is a business set up in 1994 by five people who saw a niche in online academic research. They pooled their money and began building relationships and the infrastructure to post so much material. All but one comes from the world of economic and legal scholarship, and it is in those areas that the network is strongest, adding an estimated 45 000 articles or so a year. Actually, articles may be too strong a word for what you can find on the site-the texts include pensé es, abstracts, informal arguments, outlines, rough drafts and working papers, up to the finished products you might find in academic journals. So far, more than 550 000 users have registered to download documents. The research network raises big questions about what is lost and what is gained by removing the barriers to being heard by the public." Noted by JFL, MD
